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A better understanding of the factors influencing the distribution of amphibians is needed to conserve amphibian
species in regions highly populated by people. A total of 71 water bodies were examined in the Upper Oka Basin
(the Central Part of the Russian Plain, Russia, Kaluga Oblast and adjacent regions). For each site, the presence and
absence of 11 amphibian species were determined. We use the logistic regression within the glm function from the
R Stats Package to estimate the influence of predictors on the probability of the species presence. The species with
the highest occurrence were Pelophylax lessonae, P. ridibundus, Rana temporaria, and Bufo bufo. The type of ter-
restrial vegetation that surrounded the water body was a significant factor for three amphibian species. We found R.
temporaria and B. bufo avoiding open habitats; and P. ridibundus avoiding wooded habitats. The degree of water
moving was a significant factor for two amphibian species. Lissotriton vulgaris was present more frequent at lentic
waters, and P, ridibundus preferred lotic waters. The percentage of the vegetation covering the water surface was
a significant factor for Rana arvalis, which was more often present in water with 50% or more coverage. Acidity
was a significant factor for Pseudepidalea viridis, which was detected only in neutral and alkaline waters. Total
dissolved salts and the area of water body were significant predictors for no amphibian species. The presence of the
Chinese sleeper (Perccottus glenii), an invasive fish species, was not significantly important in predicting detec-
tion or non-detection for any species. Many water bodies in the Upper Oka Basin that were likely once suitable for
amphibians may not be occupied by amphibians due to barriers to dispersal from other sites and due to stochastic
extinction. To estimate the capability of amphibian immigration from other sources, we identified the presence of
lotic and lentic permanent water bodies within 1 km of a surveyed site. These factors were not significant for any
species. Further investigations may achieve the best measure of connectivity of amphibian habitats. To conserve
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amphibians we need to keep terrestrial habitats surrounding the water bodies, especially wooded habitats.
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Introduction

Amphibians have been the object of numerous
ecological investigations in both field and in lab-
oratory settings (Beebee, 1981, 1983; Kaufman,
1989; Fayzulin, 2010; Smirnov, 2013). Many in-
vestigations in amphibian ecology are concerned
with the quality of breeding and residential water
bodies, which has great value for the continued
persistence of amphibian populations. The quality
of amphibian habitats is influenced by the type of
vegetation in the water body and surrounding ter-
restrial habitat, the hydroperiod and water qual-
ity, the presence of predators and competitors,
the prevalence of diseases, and the nature and
frequency of human disturbances (Hamer & Mc-
Donnell, 2008; Collins et al., 2009). Specifically,
aquatic vegetation provides shelter for larval and
adult amphibians and oviposition sites (Hartel et
al., 2007). Terrestrial vegetation provides oppor-
tunities for dispersal, food, shelter and overwin-
tering sites once individuals have metamorphosed

(Hamer & McDonnell, 2008). The terrestrial veg-
etation influences the water temperature, and the
water temperature determines the development of
eggs of amphibians (Nikolaev, 2007). The most
important factor of water quality is water acid-
ity, which can affect the success of reproduction
and causes various morphological anomalies in
some frogs (Flax, 1986; Nikolaev, 2007; Fayzu-
lin, 2010). Amphibians are highly sensitive to en-
vironmental pollutants in the water; particularly,
the presence of dissolved metals and salts in wa-
ter (i.e. high conductivity) and high nutrient loads
negatively affect amphibian populations in urban
and suburban areas (Hamer & McDonnell, 2008).
Water current and water transparency are also im-
portant to amphibians (Semenov et al., 2000).
Populations of amphibians across the globe
have been declining for the last few decades due
to climate change, habitat loss and diseases (Al-
ford & Richards, 1999; Lips et al., 2003; Stuart
et al., 2004; Collins et al., 2009). To conserve
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threatened amphibian species we need to iden-
tify species’ tolerance and optimal environmental
conditions especially under increasing urbanisa-
tion and the development of recreational activi-
ties. Understanding why threatened species and
biological communities persist in urbanised areas
can help us create successful conservation man-
agement plans for preventing and reversing future
declines (Valdez et al., 2015).

The vulnerability of amphibians to disturbance
relates to their limited dispersal ability (Aratjo et
al., 2006). Many ponds may be not inhabited by am-
phibians due to the isolation of ponds and the lim-
ited dispersal distance of amphibians (Semenov et
al., 2000; Smith & Green, 2005). For example, the
number of permanent water bodies within a given
distance of a surveyed water body has been shown
to be the most important predictor for occupancy,
colonisation, and abundance of amphibian species
(Valdez et al., 2015). However, it has been shown
that dispersal distance might be much larger than
expected for amphibians (Smith & Green, 2005).

There is significant geographic variation in
life-history characteristics of amphibians and in
tolerance to some environmental factors (Ver-
shinin, 1995; Morrison & Hero, 2003; Kuzmin,
2012). The different abilities of amphibians to
cope with the effects of urbanisation are also like-
ly to generate regionally contrasting long-term
trends in their community dynamics (Hamer &
McDonnell, 2008). So it is necessary to survey
ecological features of species to conserve am-
phibians in a given region.

The Upper Oka Basin is one of the most populat-
ed and anthropogenically disturbed regions of Russia.
Previous research focused on the species composition,
distribution and abundance of amphibians in terrestrial
habitats, bionomics, and feeding of amphibian spe-
cies in this region (Alekseev & Sionova, 2002; Ruchin
& Alekseev, 2008; Korzikov et al., 2014; Korzikov,
2016); but a better understanding of the factors influ-
encing distributions of amphibians is needed to plan
further investigations. Therefore, the aim of the study
was to evaluate the parameters of water bodies, which
determine the presence or absence of different amphib-
1an species in the Upper Oka Basin.

Material and Methods

Study area

The Upper Oka Basin is located in the centre
of the Russian Plain and contains the Basin of the
River Oka from its source to the mouth of the Riv-
er Nara near Serpukhov in Moscow Oblast. This
region encompasses primary areas of the Kaluga
oblast excluding western territories.

We surveyed a total of 71 water bodies from dif-
ferent districts of the Kaluga and Tula Oblast. We ob-
served water bodies such as puddles, quarries, ponds,
rivers, streams, and streams with one or several dams,
backwaters (parts of a river in which there is little or
no current), bogs, oxbows, and waterworks (Table 1).
Sixty water bodies were permanent, and eleven water
bodies were temporal. Forty-one sites were located in
rural areas, and twenty-nine sites in urban areas.

We analysed four quantitative and five qualita-
tive parameters of water bodies (Table 1).

Table 1. Examined parameters of water bodies of the Upper Oka Basin in which amphibians were surveyed

Parameters Levels / Range Number of sites
‘Wooded habitat — with dense tree layer 21
Type of terrestrial vegetation surrounding the water body OP en habitat — with herbaceous vegetation 28
without trees
Edge habitat — with intermediate features 22
Lentic — water bodies with permanent flow 46
Degree of water moving Semi-lenti.c - wat.er bodies with permanent 13
flow and limited with dam
Lotic — water bodies without flow 12
Presence of lentic permanent water bodies within a kilome-[present 35
tre of a surveyed water body absent 36
Presence of lotic permanent water bodies within a kilome-[present 32
tre of a surveyed water body absent 39
.. present 12
Presence of Perccottus glenii absent 59
Percentage of vegetation cover, % 3-100 71
pH 4.7-10.0 (precision = 0.01) 37
Total dissolved salts (TDS), mg/L 19-851 (precision — integer) 37
Area of water body, sq. m 10-63 006 71
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Field surveys

Amphibian surveys were conducted from
March to August in 2005-2016. The presence or ab-
sence of amphibian species was registered in every
water body. Amphibians were detected in the day-
time visually by hand and using a net with 0.6 m di-
ameter of mouth, 1.7 m length of handle, and 2 mm
diameter mesh. Most of the water bodies were sur-
veyed at least three times during the season. A few
ponds were surveyed one time during the season be-
cause they were located in hard-to-reach areas, and
we assumed that single surveys are sufficient for the
detection of amphibians based on expert experience
(Alekseev, personal communication).

Species were identified using sounds and
morphological characteristics. Species of the ge-
nus Pelophylax, which are not distinguishable by
morphological characteristics, were identified us-
ing analysis of intron-1 of the serum albumin gene
(SAI-1) from tissue of frogs through polymerase
chain reaction (Plotner et al., 2009).

The Chinese sleeper, Perccottus glenii (Dy-
bowski, 1877), is an introduced fish species, which
is known to negatively impact populations of am-
phibians (Semenov et al., 2000; Reshetnikov, 2003).
This fish was detected using dipnetting. The pH and
total dissolved salts (TDS) were measured in 37 wa-
ter bodies using portative electronic readers pH-009
and TDS-3 (equipment consisted 0.1 for pH and 1
mg to litre for TDS). Areas of water bodies were de-

tected using satellite images on Google Maps Cal-
culator (https://3planeta.com/googlemaps/google-
maps-calculator-ploschadei.html).

Data analysis

Data were analysed using R (R Core Team,
2014). The logistic regression within g/m function
from the R Stats Package was applied to estimate
the influence of predictors on the probability of
presence of every species using two different mod-
els. First, we computed the g/m model for six factors
which were measured in all 71 water bodies: type
of terrestrial vegetation, degree of water moving,
presence of lentic and lotic water bodies within 1
km, presence of Perccottus glenii, and percentage of
the vegetation covering the water surface. Secondly,
we computed the g/m model for three factors, which
were measured in the subset of 37 waterbodies: sur-
face area, pH, TDS. Independent variables were un-
correlated (p > 0.2 for Pearson’s correlation).

Results

There were 11 amphibian species in water bodies
of the Upper Poochye (Table 2). No species occupied
more than half of all examined sites. Species with the
highest frequency of occurrence were the Pool Frog
(Pelophylax lessonae Camerano, 1882), the Com-
mon Frog (Rana temporaria Linnaeus, 1758), the
Common Toad (Bufo bufo Linnaeus, 1758), and the
Marsh Frog (Pelophylax ridibundus Pallas, 1771).

Table 2. Number of water bodies of different kinds, which were inhabited by different species of amphibians. Sample size in

brackets after water body type

RS 5 |3
~ = Q
~l ol | 8| E| ~ a ~ |2 |8
= NS = S = o) > = ~ N R~ ]
Speci 2| | S| &l sl el 5| 85| 2|88 a7
e EIE|E 8|2 2|z2|2|&| 2|58 ¢
E| S|~ | 2| E|a|~]|¥ S |25 %"
3 3 an) ;’:_: 2
S| & S |&
Lissotriton vulgaris (Linnaeus, 1758) 2 7 1 - — - 1 1 23
Triturus cristatus (Laurenti, 1768) 1 1 4 - - — - 1 — 11
Bombina bombina (Linnaeus, 1761) 1 - 4 - - - — - - 1 — 8
Pelobates fuscus (Laurenti, 1768) - - 5 - - - — - - 1 1 10
Bufo bufo (Linnaeus, 1758) 4 1 11 2 2 1 - — 1 - - 31
Pseudepidalea viridis (Laurenti, 1768)| 1 1 3 - 1 - — - - — 1 10
Rana temporaria Linnaeus, 1758 4 - 10 2 4 1 1 1 1 1 — 35
Rana arvalis (Nilsson, 1842) - 1 2 2 - — 1 3 1 — 25
Pelophylax ridibundus (Pallas, 1771) 2 2 6 - 1 - 7 1 - 2 - 30
Pelophylax lessonae (Camerano, 1882) | — 3 14 3 5 2 - — 1 2 2 45
Pelophylax esculentus (Linnaeus, 1758)| — - 4 2 2 - 2 — 1 1 - 17
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The type of terrestrial vegetation that sur-
rounded the water body was a significant factor
for three amphibian species (Appendix 1). Rana
temporaria (p = 0.001) and Bufo bufo (p = 0.049)
avoided open habitats, and Pelophylax ridibundus
(» <0.001) avoided wooded habitats (Table 3).

The degree of water flow was a significant
factor for two amphibian species (Appendix 1,
Table 4). The Smooth Newt (Lissotriton vulgaris
Linnaeus, 1758) was present more frequently in
lentic waters (p = 0.016), and Pelophylax ridi-
bundus preferred lotic waters (p = 0.040).

The percentage of the vegetation cover-
ing the water surface was a significant factor
(p=0.019) for Rana arvalis (Nilsson, 1842). This
frog was more often present in waters with 50%
or more coverage.

The presence of the Chinese sleeper and the
presence of lotic or lentic water bodies within 1
km were not significant in predicting detection
or non-detection for any species (Appendix 1).

The acidity was a significant factor
(p = 0.048) for Pseudepidalea viridis (Laurenti,
1768), which was detected only in neutral and
alkaline waters, with pH = 7-10 (Appendix 2).
Total dissolved salts and the area of water body
were significant predictors for no amphibian
species (Appendix 2).

Discussion

The terrestrial vegetation was the best pre-
dictor of the presence of three amphibian spe-
cies (Rana temporaria, Bufo bufo, and Pelophy-
lax ridibundus). This result agrees with previous
research from other regions: terrestrial habitat
factors were found to be especially important
in determining the suitability of breeding sites

for Rana temporaria in Ireland (Marnell, 1998)
and Sweden (Loman & Lardner, 2006). Previous
studies have also found the importance of terres-
trial habitats for amphibians within conservation
programmes (Valdez et al., 2017) and for females
of the green and golden bell frog Litoria aurea
(Lesson, 1830) (Valdez et al., 2016). The terres-
trial vegetation can determine the temperature of
water, which plays an important role in amphib-
ian breeding and development (Moore, 1939).
Wooded sites can provide superior refugia and
feeding for adult amphibians, and some species
require forests for part of their life cycle (Guerry
& Hunter, 2002; Kuzmin, 2012). Rana temporar-
ia 1s sensitive to air humidity (Dinesman, 1948),
so it is a forest species to minimize the exposure
to drier conditions (Kutenkov, 2017). Bufo bufo is
also characterised as a forest species although it is
less sensitive to humidity than the Common Frog
(Kuzmin, 2012). Pelophylax ridibundus prefers
open habitats because open habitats are often due
to overflowing large rivers and ponds, and this
species is connected with large rivers and ponds
(Ruchin et al., 2009; Svinin, 2013).

The water quality significantly influenced
the presence of Pseudepidalea viridis, a spe-
cies that is not abundant in the Upper Oka Ba-
sin (Korzikov, 2016). The range of pH in which
P viridis was present in the Upper Oka Ba-
sin was close to those observed in the Middle
Volga (6.6—-10.0; Fayzulin, 2010). This species
is qualified as synanthropic, e.g. it lives near,
and benefit from, an association with humans
and the somewhat artificial habitats that hu-
mans create around them (Alekseev & Sionova,
2002), and artificial water bodies tend to be
more often alkaline than natural ones.

Table 3. Numbers of water bodies of different kinds occupied by amphibians in the Upper Oka Basin

Type of vegetation Degree of water moving
Species wooded (n=21) | edge (n=22) | open (n=28) (Iieft;‘;) Se(r:‘:'kl’gt)‘c lotic (n = 12)
Lissotriton vulgaris 6 7 3 14 2 0
Triturus cristatus 3 4 1 7 1 0
Bombina bombina 1 2 3 5 1 0
Pelobates fuscus 1 4 3 8 0 0
Bufo bufo 7 14 1 17 4 1
Pseudepidalea viridis 1 3 3 5 2 0
Rana temporaria 11 13 1 18 4 3
Rana arvalis 10 2 15 2 1
Pelophylax ridibundus 0 12 12 2 7
Pelophylax lessonae 11 15 6 22 8 2
Pelophylax esculentus 4 4 4 6 4 2
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Table 4. Numbers of water bodies occupied by amphibians given presence or absence of other permanent water bodies within

1 km of a surveyed water body in the Upper Oka Basin

Species Lentic water bodies Lotic water bodies
Absent (n = 39) Present (n = 32) Absent (n = 36) Present (n = 35)
Lissotriton vulgaris 8 8 10 6
Triturus cristatus 3 5 5 3
Bombina bombina 3 3 1 5
Pelobates fuscus 2 6 4 4
Bufo bufo 10 12 14 8
Pseudepidalea viridis 6 1 4 3
Rana temporaria 10 15 14 11
Rana arvalis 7 11 10 8
Pelophylax ridibundus 12 9 9 12
Pelophylax lessonae 16 16 12 20
Pelophylax esculentus 7 5 4 8

Generally, the range of acidity and total dis-
solved salts sets were not limiting factors to the
occurrence of amphibians in the Upper Oka Ba-
sin: the focal species in this study can tolerate a
wide range of variation in pH and TDS (Kuzmin,
2012). Besides, the non-significance might be ex-
plained by the absence of extremely low or high
values at the water bodies surveyed. Our data
agrees with the results of research in Sweden (Lo-
man & Lardner, 2006) that found the scarcity of
amphibians in some areas could not be explained
by water quality alone but the quality of the ter-
restrial habitat surrounding the ponds and the
metapopulation structure.

Our results indicated that many water bod-
ies are suitable for amphibians but are not occu-
pied by amphibians now. It is known that some
ponds may not be inhabited by amphibians ow-
ing to their isolation and barriers to migration of
amphibians (Semenov et al., 2000). To estimate
the capability of amphibians’ immigrations from
other sources we identified the presence of lotic
and lentic permanent water bodies within 1 km
of a surveyed site. These factors were not sig-
nificant for any species. This fact contrasts with
Valdez et al. (2015) who found that the number
of permanent water bodies within a kilometre of
surveyed sites was the best predictor of the oc-
cupancy of the green and golden bell frog (Lito-
ria aurea), and also with the paper of Pellet et
al. (2004) who found that the presence of calling
males of the tree frog (Hyla arborea (Linnaeus,
1758)) is influenced by urbanisation around the
pond and closeness of roads. This difference may
be due to the fact that Valdez et al. (2015) used
the number of water bodies rather than our study
that simply used the presence or absence of water
bodies. Furthermore, forest landscapes of the Up-

per Oka Basin due to relative soft microclimatic
conditions in wooded habitats and numerous pud-
dles of water may be less stressful for amphibians
than industrial landscapes of Australia and land-
scapes of Switzerland, so the «ponds-as-patches»
view (Marsh & Trenham, 2001) is less applicable
to our data. Lastly, investigations of this subject
require more rigorous assessment of amphib-
ian populations based on the metapopulation ap-
proach (Marsh & Trenham, 2001; Smith & Green,
2005; Griffiths et al., 2010).

Our results suggest that the presence of our
eleven species of amphibians was not entirely pre-
dicted from the environmental variables measured.
Further research could better investigate amphib-
ian habitats using field surveys and an occupancy-
modelling framework. Now only two amphibian
species — Bombina bombina (Linnaeus, 1761) and
Pelophylax esculentus (Linnaeus, 1758) — are con-
sidered as rare species in this region (Red Data
Book of Kaluga Region, 2017). However, anthro-
pogenic transformation of forest landscapes can
cause a decline of populations of other amphib-
ian species. To conserve amphibians in the Upper
Oka Basin, we suggest conserving not just separate
ponds but the whole assemblage of water bodies
and terrestrial habitats, especially forest habitats.
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Appendix 1. Logistic regression model of presence of amphibian species in water bodies in the Upper Oka Basin from five

predictors: coefficients (Coef.) with standard errors (SE)

Species, predictors Coef. | SE | Zvalue | Pvalue
Lissotriton vulgaris
Intercept -0.20 0.88 -0.23 0.816
Type of terrestrial vegetation 0.51 0.45 1.12 0.261
Degree of water moving -1.81 0.75 -2.40 0.016
Percentage of vegetation cover -0.002 0.01 -0.14 0.891
Presence of lotic water bodies within 1 km -1.13 0.71 -1.60 0.109
Presence of lentic water bodies within 1 km -0.18 0.73 -0.25 0.802
Presence of Perccottus glenii -17.99 1746.0 -0.01 0.992
Triturus cristatus
Intercept -2.05 1.89 -1.89 0.059
Type of terrestrial vegetation 0.50 0.57 0.88 0.381
Degree of water moving -1.36 0.96 -1.42 0.157
Percentage of vegetation cover <0.01 0.01 0.29 0.771
Presence of lotic water bodies within 1 km -0.67 0.85 -0.78 0.437
Presence of lentic water bodies within 1 km 0.49 0.89 0.55 0.582
Presence of Perccottus glenii -16.91 1807.00 -0.01 0.993
Bombina bombina
Intercept -3.88 1.69 -2.30 0.022
Type of terrestrial vegetation -0.65 0.64 -1.01 0.312
Degree of water moving -0.60 1.01 -0.59 0.554
Percentage of vegetation cover 0.03 0.02 1.58 0.114
Presence of lotic water bodies within 1 km 1.70 1.26 1.35 0.176
Presence of lentic water bodies within 1 km 0.59 1.02 0.58 0.562
Presence of Perccottus glenii -17.28 2824.09 -0.01 0.995
Pelobates fuscus
Intercept -1.31 1.24 -1.05 0.293
Type of terrestrial vegetation -0.78 0.61 -1.29 0.198
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Species, predictors Coef. SE Z value P value
Degree of water moving -17.31 2419.00 -0.01 0.994
Percentage of vegetation cover 0.00 0.02 0.05 0.963
Presence of lotic water bodies within 1 km -0.22 0.93 -0.24 0.812
Presence of lentic water bodies within 1 km 1.26 0.98 1.29 0.196
Presence of Perccottus glenii -19.03 4616.00 -0.004 0.997
Bufo bufo
Intercept -1.13 0.74 -1.52 0.128
Type of terrestrial vegetation 0.77 0.39 1.97 0.049
Degree of water moving -0.83 0.46 -1.81 0.071
Percentage of vegetation cover <0.01 0.01 0.30 0.762
Presence of lotic water bodies within 1 km -0.96 0.58 -1.64 0.101
Presence of lentic water bodies within 1 km 0.27 0.59 0.46 0.644
Presence of Perccottus glenii 0.41 0.70 0.58 0.560
Pseudepidalea viridis
Intercept 0.29 1.10 0.26 0.793
Type of terrestrial vegetation -0.74 0.62 -1.19 0.232
Degree of water moving -1.15 0.76 -1.51 0.132
Percentage of vegetation cover -0.01 0.02 -0.42 0.673
Presence of lotic water bodies within 1 km -1.04 1.03 -1.02 0.307
Presence of lentic water bodies within 1 km -2.29 1.22 -1.88 0.060
Presence of Perccottus glenii -0.47 1.29 -0.37 0.714
Rana temporaria
Intercept -1.88 0.78 -2.41 0.016
Type of terrestrial vegetation 1.39 0.43 3.22 0.001
Degree of water moving -0.54 0.43 -1.28 0.202
Percentage of vegetation cover -0.01 0.01 -0.99 0.324
Presence of lotic water bodies within 1 km -0.30 0.57 -0.52 0.604
Presence of lentic water bodies within 1 km 1.10 0.60 1.85 0.065
Presence of Perccottus glenii -0.40 0.77 -0.53 0.599
Rana arvalis
Intercept -2.17 0.86 -2.53 0.012
Type of terrestrial vegetation 0.45 0.41 1.09 0.278
Degree of water moving -0.76 0.54 -1.39 0.164
Percentage of vegetation cover 0.03 0.01 2.35 0.019
Presence of lotic water bodies within 1 km -0.48 0.64 -0.75 0.452
Presence of lentic water bodies within 1 km 0.60 0.64 0.94 0.346
Presence of Perccottus glenii -0.17 0.78 -0.21 0.831
Pelophylax ridibundus
Intercept -0.49 0.85 -0.58 0.565
Type of terrestrial vegetation -1.74 0.49 -3.56 <0.001
Degree of water moving 0.93 0.45 2.05 0.040
Percentage of vegetation cover -0.01 0.01 -0.77 0.445
Presence of lotic water bodies within 1 km 1.04 0.71 1.47 0.143
Presence of lentic water bodies within 1 km 0.06 0.66 0.10 0.924
Presence of Perccottus glenii 0.85 0.82 1.03 0.305
Pelophylax lessonae
Intercept -1.66 0.74 -2.25 0.024
Type of terrestrial vegetation 0.59 0.35 1.65 0.099
Degree of water moving -0.31 0.38 -0.83 0.408
Percentage of vegetation cover 0.02 0.01 1.54 0.124
Presence of lotic water bodies within 1 km 1.00 0.54 1.85 0.064
Presence of lentic water bodies within 1 km 0.40 0.54 0.75 0.453
Presence of Perccottus glenii -0.78 0.75 -1.04 0.301
Pelophylax esculentus
Intercept -2.90 1.00 -2.90 0.004
Type of terrestrial vegetation <0.01 0.42 0.01 0.994
Degree of water moving 0.57 0.46 1.26 0.209
Percentage of vegetation cover 0.02 0.01 1.35 0.177
Presence of lotic water bodies within 1 km 1.03 0.72 1.44 0.151
Presence of lentic water bodies within 1 km -0.04 0.68 -0.06 0.951
Presence of Perccottus glenii -0.97 1.15 -0.84 0.401
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Appendix 2. Logistic regression model of presence of amphibian species in 37 water bodies of the Upper Oka Basin from
three predictors: coefficients (Coef.) with standard errors (SE)

Species, predictors | Coef. | SE | Z value | P value
Lissotriton vulgaris
Intercept -3.90 4.36 -0.90 0.371
Area -0.00 0.00 -0.90 0.367
pH 0.42 0.61 0.69 0.490
TDS -0.00 0.00 -0.40 0.686
Triturus cristatus
Intercept -4.49 5.56 -0.81 0.419
Area -0.00 <0.01 -0.65 0.514
pH 0.38 0.77 0.50 0.620
TDS -0.00 <0.01 -0.10 0.917
Bombina bombina
Intercept -6.34 8.75 -0.73 0.468
Area -0.00 <0.01 -0.39 0.701
pH 0.39 1.18 0.33 0.744
TDS <0.01 <0.01 1.58 0.115
Pelobates fuscus
Intercept -3.75 5.10 -0.74 0.462
Area <0.01 <0.01 -0.64 0.526
pH 0.30 0.71 0.42 0.678
TDS -0.00 <0.01 -0.40 0.690
Bufo bufo
Intercept -4.96 3.88 -1.28 0.201
Area -0.00 <0.01 -1.26 0.208
pH 0.62 0.54 1.15 0.249
TDS 0.00 <0.01 -0.01 0.992
Pseudepidalea viridis
Intercept -22.75 10.59 -2.15 0.032
Area -0.05 0.06 -1.00 0.340
pH 2.57 1.30 1.98 0.048
TDS 0.01 <0.01 1.60 0.110
Rana temporaria
Intercept 0.62 3.12 0.20 0.843
Area <0.01 <0.01 -0.45 0.655
pH -0.09 0.46 -0.19 0.853
TDS -0.01 <0.01 -1.56 0.120
Rana arvalis
Intercept 2.22 3.17 0.70 0.483
Area <0.01 <0.01 0.80 0.426
pH -0.37 0.46 -0.80 0.424
TDS -0.003 <0.01 -1.14 0.254
Pelophylax ridibundus
Intercept -1.74 3.60 -0.48 0.630
Area 0.00 0.00 0.70 0.482
pH 0.01 0.51 0.02 0.986
TDS <0.01 0.002 1.14 0.255
Pelophylax lessonae
Intercept -5.63 3.69 -1.53 0.126
Area <0.01 <0.01 -0.67 0.505
pH 0.78 0.52 1.50 0.134
TDS -0.003 <0.01 -1.13 0.257
Pelophylax esculentus
Intercept -6.76 4.22 -1.60 0.110
Area 0.03 0.05 0.54 0.587
pH 0.60 0.56 1.07 0.287
TDS -0.003 <0.01 -0.76 0.447
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O HEKOTOPBIX ®AKTOPAX PACMIPEJEJEHUA AM®UEUI
B BOAOEMAX BEPXHEI'O ITOOYbA (HEHTPAJIBHAS POCCHS)

B. A. Kop3ukos!, B. B. Aiiekcanos”

enmp eueuenvl u snudemuonozuu 8 Kayscckoi oonacmu, Poccust
2Kanyorcckuil 001acmuoul 3k01020-6uono2udeckuil yeump yuawuxcs, Poccus
e-mail: korzikoff va@mail.ru

O6cnenoBan 71 BomHEIN 00BeKT Ha TeppuTopru Bepxuero I[loouss (Poccust, Kamyxkckas o0macts u compe-
JIeTbHBIC PETHOHBI). B Ka)x/10M MecTOOONTaHNH BBISBIISIIOCH HATMYHE JTNO0 OTCYTCTBUE KaXk0T0 U3 11 BumoB
3eMHOBOJIHBIX. BiHsiHUE 1EeBATH MapaMeTpOB BOJHBIX OOBEKTOB Ha BEPOSITHOCTH MTPHUCYTCTBUS KAXKI0TO BUA
OIIEHMBAJIM IPU MOMOIIM JIOTHCTHYECKON perpeccun B cpene R. Hambonee BbICOKOI BCcTpedaeMOCThIO 00-
Tmagany npynosas narymka Pelophylax lessonae, o3epHas nsarymka P ridibundus, TpaBsiHas narymika Rana
temporaria M cepast xaba Bufo bufo. Tun Ha3eMHOH pacTUTENFHOCTH OKAa3aJCsl 3HAYMMBIM (hpakTOpoM st
Tpex BUmOB ampuouil. TpaBsiHas nsArymka u cepas skabda M30eraiad OTKPBITBIX OMOTOIOB, O3E€pHAS JIATYII-
Ka u30erana jgecHbIX OnorornoB. [IpoTOYHOCTH BOIHOTO 0OBEKTA OKa3alach 3HAUMMBIM (PAKTOPOM JUIS ABYX
BHJIOB: OOBIKHOBEHHBIN TPUTOH Lissotriton vulgaris TATOTENX K CTOSYMM BOJOEMaM, O3€pHAas JISATYIIKAa — K
IIPOTOYHBIM BOJIHBIM 00BEKTaM. [IpOIEHT MOKPBITHS 3epKaia BOABI BOJHONH PAaCTUTEIBHOCTHIO OBIT 3HAYHM
JUIS. OCTPOMOP/IOH NISTYIIKK Rana arvalis, KOTOpas 4allle BCTpedanach B BOJOEMaxX, 3apoCcHInxX Oojee yeM Ha
50%. ITpucyTcTBHE MHBa3MOHHOTO BU/1a PBIO pOTaHa TOJIOBEIIKH (Perccottus glenii) He 0Ka3a10Ch 3HAUUMBIM
HU JUTSE OJHOTO BHJA 36MHOBOIHBIX. KHCIOTHOCTH ObLITa 3HaYMMa /IS 3eNIeHOH ka0bl Pseudepidalea viridis,
KoTOpast 0OOHapyKeHa TOJIBKO B HEHTPAIBHBIX M HICIOYHBIX Bogoemax. OOmas MUHepain3amus U IUIoNab
BOJTHOTO 00BEKTa HE OKa3aJIMCh 3HAYMMBIMH napaMmeTpamu st ampuouii. [lo-Bunnmomy, B ycnosusax Bepx-
Hero [Too4bst 3HaYNTEIbHAS YaCTh BOJHBIX 00BEKTOB, KOTOPBIE MPUTOIHBI I OONTAHMSI 3¢MHOBOHBIX I10 T1a-
pameTpaM Cpeibl, He 3acelIeHbl 3eMHOBOAHBIMH 110 TPUYNHE 3aTPYIHEHHUS MUTPaliil. B kauecTBe moka3ares
BO3MOXKHOCTH 3aCEJICHUSI BOJHOTO OOBEKTa MBI ONPENEISIN HATMYNE MOCTOSHHBIX MPOTOYHBIX M CTOSYUX
BOJHBIX 00OBEKTOB B pPagyce | KM OT U3y4aeMoro oObeKTa, OJHAKO BIHMSHNE 3TUX (PaKTOPOB HA IPUCYTCTBHE
amuobuii He oOHapyxeHo. JlampHeHNe ncciieI0BaHNs SKOJIOTHH 36MHOBOJIHBIX B ycioBusix Bepxuero Ilo-
04bs TPEOYIOT HCITOIB30BaHUS 00JIee TOYHBIX TTOKA3aTeIe CBI3HOCTH MECTOOOUTAHUI 36MHOBO/IHBIX.

KuaroueBsie ciaoBa: Amphibia, KHCIOTHOCTB, JECHOE MECTOOOWTAaHWE, Ha3eMHAasl PACTHTEIHHOCTD, OOIIas

JKECTKOCTb, MMPOTOIHAA BOAA, pCKa OKa, PpOTaH, CTCIICHb 3apaCTaHusA BOAHOI'O 3€pKaja BOZ[HOﬁ PACTUTCIBHO-
CTbhIO, CTOAYAsd BOJa

119



